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Introduction
Kenya is a rapidly developing country in Eastern Sub-Saharan Africa that has and continues to experience increasing motorization. The total number of registered vehicles in the country grew from 750,000 in 2005 to 1,626,000 in 2011, with motorcycles being the largest contributors to this increase from 57,000 (7.6% of all registered vehicle) in 2005 to 514,000 (31.6% of all registered vehicles) in 2011. 1 This trend is similar to that observed in many other low-and middle-income countries around the world, where fatalities among motorcyclists and other motorized two-wheeled vehicles are rapidly increasing. 2, 3 Kenya has amongst the highest road traffic death rates in Africa, estimated at 11 deaths per 100,000 population in 2010. 4 Besides fatalities, road traffic injuries also contribute to a significant proportion of the burden of disability. In Kenya, road traffic injuries were the fifth leading cause of disability adjusted life years (DALYs) among males 15e49 years in 2010. 4 Several studies using hospital surveillance, mortuary, and verbal autopsy data from different regions of Kenya have also highlighted this burden. 5e7 One study from Kenyatta National Hospital, a national referral hospital, found that 61.7% of all trauma admissions were due to road traffic injuries, 7.7% of whom died. 7 The same study also found that motorcyclists were the third largest group of road users injured. 7 The majority of deaths among motorcyclists involved in road traffic crashes are a result of head injuries, which are estimated to account for over 80% of the fatalities in low-and middle-income countries. 2 While motorcycle helmets have been consistently found to be effective in reducing the risk of death and head injury among motorcyclists in crashes, 8 their use in low-and middle-income countries such as Kenya has historically been low. 9 Amid this increasing burden, advocacy efforts through the Bloomberg Philanthropies Global Road Safety Program (BP-GRSP) and local non-governmental organizations and civil organizations, and a recognition of the need to act on road safety, legislators in Kenya passed an amendment to the traffic bill in November 2012, which among other things, reinforced the mandate of helmet use among all motorcyclists, including drivers and passengers, that was established in 2009. 2, 10, 11 The amendment in 2012 increased the penalty from 'a fine of five thousand shillings or, in default of payment, to imprisonment for a term not exceeding three months' in 2009, 10 to 'a fine not exceeding ten thousand shillings or, in default of payment, to imprisonment for a term not exceeding twelve months'. The traffic bill amendment was effective once it was signed in November 2012. 11 This study was undertaken as part of the Bloomberg Philanthropies Global Road Safety Program (BP-GRSP) to evaluate efforts to improve helmet use in two sitesdThika and Naivasha, in Kenya. Specifically, we aim to assess the impact of this legislation in improving helmet use in Kenya. Through a multi-pronged approach, we estimated the prevalence of helmet use before and after this legislation, knowledge, attitudes and practices (KAP) surrounding helmet use, and road traffic crashes and injuries among motorcyclists.
Methods
Three methodologies were used for collecting data for this study: helmet observational studies, roadside KAP surveys and hospital injury surveillance. Each of these methodologies has been detailed previously 9, 12 but are also briefly described below.
Helmet observational studies
Serial helmet observations were used to monitor the prevalence of helmet use among motorcycle drivers and passengers in Thika and Naivasha. Helmet use was documented as correct (defined as a standard helmet that was worn correctly and chin strap fastened), incorrect, none or unable to be determined. Systematic observations were done at six randomly selected locations in each of the two target districts as previously described. 9 Observation sites were locations near junctions/intersections and near motorcycle bays (up to 50 m away) where motorcyclists slowed down or stopped to allow helmet observation. A total of 16 rounds of observations were completed between August 2010 and December 2014, with each observation round conducted approximately three to four months apart.
As detailed elsewhere, observations were conducted during five different 90-min periods each day, with each location being observed for at least one weekday and one weekend day to account for variations in traffic patterns and build a representative picture of the prevalence of helmet use in the two sites. 9 Data were entered in Epi Info version 7, then managed and analyzed using STATA 13 (StataCorp 2013) 13 and Microsoft Excel. Exploratory analyses were first conducted using tabulations and cross-tabulations to identify patterns in helmet use in each of the target sites and by round of observation. Chi-squared tests were used to assess whether the differences p u b l i c h e a l t h 1 4 4 ( 2 0 1 7 ) S 2 3 eS 3 1 S24 between observation rounds were statistically significant. Negative binomial regression models were fit to assess trends over time and multivariate logistic regression models were fit to analyze factors associated with correct helmet use, clustered by observation site. For the analysis of trends in helmet use, a spline term was included to test for the change in trend with the passing of the traffic amendment bill in November 2012. Weather and observation period were controlled for in the constrained model. Separate models were run for each target district. Goodness of fit of each model was assessed using likelihood ratio tests.
Roadside KAP surveys on helmet use
Roadside KAP surveys of motorcycle riders were conducted in each of the two target districts to assess and monitor the changes in the knowledge, attitudes, and practices of helmet use. 9 These surveys were conducted twice a year, with a total of eight rounds of KAP surveys between August 2010 and December 2014. The surveys were administered to motorcyclists in areas where they stopped, such as motorcycle bays, petrol stations and rest areas near the helmet observation sites. 9 The six randomly selected KAP survey locations in each of the two target districts were selected based on a multi-stage sampling method previously described. 9 Surveys were conducted throughout the week and at varying times of the day in between helmet observation intervals. As described previously, participants were selected based on convenience sampling. Verbal consent from participants was obtained before the initiation of the survey. A close-ended questionnaire was developed to capture information such as self-reported behavior of helmet use, helmet ownership, factors that affect the purchase of a helmet, perceptions on enforcement and reasons for use and non-use of helmets. 9, 14 The study protocol was approved by the Johns Hopkins University Bloomberg School of Public Health Institutional Review Board.
Data were entered in Epi Info version 7. Data management and analyses were conducted using STATA 13 (StataCorp 2013) and Microsoft Excel. Exploratory analyses were conducted using tabulations and cross-tabulations of response by each target area and rounds of data collection. Chi-squared tests were used to assess the difference between KAP survey rounds.
Hospital-based injury surveillance
Hospital-based trauma registries are operating in four public hospitals in Kenya: Thika Level 5 Hospital, Naivasha District Hospital, Kenyatta National Hospital, and Machakos Level 5 Hospital. The process of establishing trauma registries and their structure in these hospitals has been described in detail previously. 12 Electronic data collection was implemented across the four hospitals in January 2014. For this analysis, we included trauma registry data between January 2014 and February 2015. Data were collected on a range of variables including demographics of the patient, type and mechanism of injury, date and time of injury, injury characteristics, type of treatment and treatment outcomes. Patients admitted due to road traffic injuries were asked about their mode of transport at the time of the crash. Self-reported helmet use at the time of the crash was included as a follow-up question for patients reporting to have been on a motorcycle or bicycle at the time of the crash.
Data were entered electronically on-site. Data quality assessment and analysis was done using STATA 13 (StataCorp 2013). Only data pertaining to motorcyclists were included in the analyses. Following exploratory data analysis using tabulations and cross-tabulations, logistic regression models were fit to examine the association between helmet use and head injury. Goodness of fit for the regression models was assessed using a likelihood ratio test.
Results

Helmet use prevalence
Motorcycle drivers
A total of 256,851 motorcycles were observed at the 12 observation sites in the two target districts during the study period. The overall prevalence of helmet use among motorcycle drivers in Thika and Naivasha was 35.12% and 37.42%, respectively. In total, 10.26% of all observed motorcycle drivers wore helmets incorrectly (Thika: 9.92%, Naivasha: 10.63%). Fig. 1 shows the overall trend of correct helmet use by motorcycle drivers over the 16 rounds of observation.
Negative binomial models were fit to assess trends in the prevalence of correct helmet use over time. Bivariate analysis showed a very slight increase in the prevalence of correct helmet wearing by round of observation in both districts. While this increase was not statistically significant for Thika (Incidence rate ratio [IRR]: 1.007, P ¼ 0.40), it was for Naivasha, where correct helmet used increased by 3% (IRR: 1.030, P < 0.05) with each subsequent round of observation (Table 1) .
Following the inclusion of a spline term with one knot to assess trends before and after the passage of the traffic amendment bill in November 2012, a slight difference in trends before and after this time point was seen among drivers in Thika, controlling for observation time, weather condition and observation location but changes were not statistically significant (Table 1 ). In Thika, the prevalence of correct helmet wearing among drivers was on a downward trend (aIRR per observation round: 0.977, P ¼ 0.41) prior to the passing of the traffic amendment bill, but reversed slightly after November 2012 (aIRR per observation round: 1.033, P ¼ 0.39). While a small statistically significant increase in correct helmet wearing among drivers (aIRR per observation round 1.030, P < 0.001) and passengers (aIRR: 1.043, P < 0.05) was observed in Naivasha between 2010 and 2014, we did not find a change in trends before vs after the passage of the traffic amendment bill in November 2012 in Naivasha. A slight increasing trend was observed prior to the passing of the traffic amendment bill (aIRR: 1.049, P ¼ 0.08), and remained so after the passage of the bill (aIRR: 1.017, P ¼ 0.49). Comparing any changes in correct helmet wearing level before and after passage of the traffic amendment bill in November 2012 also found no statistically significant difference (Table 1) . Controlling for the trends, there were no statistically significant changes on correct helmet use level among drivers and passengers comparing after the traffic amendment with before the amendment in both Thika and Naivasha (results not shown).
Logistic regression analysis was used to assess factors associated with correct helmet use. Time of observation and weather condition were associated with correct helmet wearing ( Table 2 ). Controlling for the round of observation before and after the passage of traffic amendment bill and observation location, light rain was found to be associated with higher odds of correct helmet use among motorcycle drivers in Naivasha as compared to no rain (odds ratio [OR]: 1.377, P < 0.01) ( Table 2 ). However, the same association was not observed in Thika (OR: 1.046, P ¼ 0.16) ( Table 2 ). Time of day was associated with helmet wearing in both sites. Motorcyclists were less likely to wear helmets later in the morning, at mid-day and in the afternoon as compared to early morning in Thika ( Table 2 ).
Motorcycle passengers
In both districts, over half of the motorcycles did not have any passengers (Thika: 51.68%, Naivasha: 56.92%), while close to a tenth of motorcycles observed in Thika and approximately 5% of motorcycles observed in Naivasha had two passengers or more. Overall helmet wearing (including correct and incorrect helmet wearing) was significantly lower among passengers as compared to drivers ( Figs. 1 and 2) . Overall helmet wearing among motorcycle passengers was 2.77% in Thika and 2.43% in Naivasha. Overall, 2.11% of the passengers wore a helmet correctly in Thika and 1.95% in Naivasha.
Negative binomial regression analysis of correct helmet wearing among passengers shows a declining trend in Thika (IRR: 0.952, P < 0.1) and a slight increase in Naivasha over the (Table 1) . Controlling for weather condition and time of observation, similar trends of correct helmet remained in Thika among motorcycle passengers before (IRR: 1.024, P > 0.1) and after the traffic bill amendment (IRR: 0.982, P > 0.1), and in Naivasha before the traffic bill amendment (IRR: 0.993, P > 0.1) and after the traffic bill amendment (IRR: 1.033, P > 0.1). Similar to motorcycle drivers, correct helmet use among passengers was associated with weather conditions and time of the day but stronger association with weather when compared to motorcycle drivers ( Table 2 ). Controlling for the round of observation, time period of observation and observation location, motorcycle passengers were more likely to correctly wear a helmet during periods of light rain in both Thika (OR: 1.697, P < 0.01) and Naivasha (OR: 1.755, P < 0.01) as compared to dry periods. The odds of correct helmet use was slightly higher in Naivasha in the evening (OR: 1.174, P < 0.1) as compared to the early morning, while no statistically significant difference was observed in Thika comparing the same period (Table 2) .
Knowledge, attitudes, and practices (KAP)
A total of 8889 motorcyclists were approached (4628 in Thika and 4261 in Naivasha) over the eight rounds of data collection during the study period. Of those, 7071 motorcyclists (79.6%) (3970, 85.8% in Thika; 3101, 72.8% in Naivasha) accepted the interview. Response rate per round of data collection ranged between 79.6% and 92.0% in Thika and 67.1% and 78.4% in 
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Thika Naivasha Linear (Thika) Linear (Naivasha) Fig. 2 e Prevalence of correct helmet wearing among motorcycle passengers in Thika and Naivasha (n ¼ 144,133). 
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Naivasha. Respondents were predominantly males (Thika: 97.9%, Naivasha: 97.1%). Approximately half of the respondents (Thika: 52.1%, Naivasha: 42.2%) had secondary or high school education. Table 3 summarizes findings on helmet use and reasons for use and non-use of helmets in Thika and Naivasha. On average, 63.1% of respondents in Thika and 66.2% of respondents in Naivasha reported that they always wore a helmet when riding a motorcycle. The majority of respondents who always wore a helmet indicated they did so because it could save their lives (Thika: 90.3% [SD: 5.2%], Naivasha: 91.3% [SD: 3.4%]), while a significantly lower proportion said they did so because it was required by law (Thika: 37.0% [SD: 7.1%], Naivasha: 22.0% [SD: 12.6%]). The most commonly cited reason for not always wearing a helmet was that respondents found them to be inconvenient or uncomfortable in both districts (Thika: 47.6% [SD: 8.3%], Naivasha: 45.8% [SD: 10.5%]).
Except in the first round of the survey, more than twothirds of respondents in both districts indicated they owned a helmet, and the majority bought their helmets at motorcycle/helmet specific shops (Thika: 65.2% [SD: 13.9%], Naivasha: 63.5% [SD: 9.7%]). Approximately half of the respondents in Thika and two-thirds in Naivasha paid between US$10 and $20 for their helmets. Quality was the most important factor in the decision on what helmet to purchase, and price was the second most important factor among respondents in both districts. Results from KAP survey also suggested no major change on police enforcement on helmet use over time and before and after passing the helmet law (Fig. 3) .
Head injuries and helmet use
Data from trauma registries at four hospitals in Kenya (including hospitals in Thika and Naivasha) show that approximately a quarter of road traffic patients (26%) were motorcyclists. Among the motorcycle drivers who were injured and admitted to these hospitals, just over a third reported wearing a helmet at the time of the crash (38.9%), while less than half this proportion (14.2%) of motorcycle passengers reported wearing a helmet.
The bivariate analysis suggested a significant reduction in the likelihood of head injuries among motorcyclists who were wearing a helmet at the time of the crash among patients injured from motorcycle crash (OR: 0.576, 95% confidence Among all trauma registry patients injured from motorcycle crash, motorcycle passengers had lower odds of head injuries compared to drivers (OR: 0.524, 95% CI: 0.373e0.737), and crashes that occurred during the day was associated Fig. 3 e Proportion of respondents reported having been stopped by police for helmet wearing in the past three months in Thika and Naivasha (n ¼ 6584). 
Discussion
This study highlights the low prevalence of helmet use in Kenya and the urgent need for sustained efforts to improve this burden and reduce the risk of head injuries and their consequences among motorcyclists. This is especially true given the rapid increase in the number of motorcycles on Kenyan roads in recent years. The proportion of new motorcycle registrations increased from less than a tenth of the all new vehicle registrations in 2005, to approximately a third in 2011. 1 However, based on our findings, only approximately one-third of motorcycle drivers wear a helmet, with helmet use being particularly low among motorcycle passengers. While the introduction of helmet laws have been shown to be effective in increasing helmet use and reducing head injuries in a number of countries, 3,15e19 establishing legislation alone is usually not enough. 20 In Kenya, the Traffic Amendment Bill that included mandatory helmet use for all motorcyclists, drivers and passengers, was passed in 2009 and penalties were increased in the Traffic Amendment Act in 2012. 10, 11 However, based on our study, only minor improvements have been observed in helmet use among motorcycle drivers and passengers in Naivasha throughout this period, and no effect was observed among motorcyclists in Thika.
It is imperative to better understand the reasons underlying the low prevalence of helmet use, in order to develop targeted approaches to improve the situation. Data from the KAP survey suggested low police enforcement of the motorcycle helmet legislation. Additionally, while these surveys showed high awareness of the life-saving potential of helmets, a low proportion of respondents indicated that they used helmets because it was required by law. This presents an opportunity to further increase both awareness as well as enforcement of the legislation to improve helmet use and ultimately outcomes among motorcyclists.
One of the most common reasons cited for not wearing a helmet, especially among passengers was that helmets were inconvenient or uncomfortable, and those that had been used by others were considered unhygienic. Given that motorcycles are commonly used as taxis, there is a need to develop appropriate strategies to address this issue. Interventions such as the provision of hair nets, or use of disinfecting spray by motorcycle taxis and mass media campaigns addressing these specific issues need to be considered in addition to enhanced enforcement of the legislation. 20 Helmet non-use continues to be a major risk factor for road traffic injuries in Kenya. A previous study using police data showed that injuries to motorcyclists more than doubled between 2004 and 2009 in Kenya, with an annual rate of increase of 29%. 9 Using data from four hospitals, we found motorcycles were involved in a quarter of all road traffic injuries presenting to the hospitals. Also, similar to findings from our observational studies, slightly over a third of motorcyclists involved in road traffic crashes and subsequently presenting at the hospitals wore a helmet at the time of crash.
Results from hospital surveillance confirmed that helmet use at the time of the crash prevented head injuries among motorcyclists. While these findings may be subject to the bias associated with hospital datadwhich only include individuals who managed to survive the crash and make it to the hospitaldthe protective effect of helmets for head injuries has long been known and well documented in the literature. A meta-analysis, for example, found helmets being protective against death, with a 42% reduction in odds of death associated with helmet use, and significantly protective against head injury with a 59% reduction in the odds of head injury. 8 This study has a number of limitations. First, the observed prevalence of correct helmet wearing may include helmets that are substandard as the inspection of helmet quality was not feasible during the observations since they did not involve stopping the motorcyclists. Second, both use and quality of helmet being used could not be ascertained for patients presenting at the hospital. We relied on selfreport, but as mentioned above, our findings revealed about a third of motorcycle drivers wearing a helmet at the time of the crash, which is consistent with what we observed. Third, hospital surveillance data were not available for the entire study period, which limited analyses of injuries related to motorcyclists over the entire study period, including changes associated with the amendment of the traffic bill.
Despite these limitations, the study highlights that in addition to the improved legislation on motorcycle helmets, there needs to be a concurrent focus on other areas that could bring about the desired behavioral change to prevent injuries and reduce deaths among motorcyclists. Our study reveals that there is a need for better and more visible enforcement of the legislation; developing strategies to improve helmet use among motorcycle taxi passengers; and media campaigns to raise awareness of the legislation as well as the consequences of not complying with it.
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